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A METHOD FOR TEE DETERMINATION OF AROMATICS IN ' HYDROCARBON MIXTURES 

By Harold F. Hipsher 


SUMMARY 

A method haB "been developed for the estimation of aromatlo 
hydrocarbons In hydrocarbon mixtures. Aromaticity of the mixture 
Is estimated from the change In refractive Index that results from 
the removal of the aromatlo portion by a sulfuric acid extraction 
and subsequent percolation through silica gel. The method Is simple 
and requires approximately 2.5 hours. No attempt Is made to Iden- 
tify the individual aromatics. 

The method was tested vlth nine base stocks containing aromatics 
In concentrations from 0 to 35 percent by volume. A mean deviation 
of ±0.17 percent was obtained with a maximum error of -0.5 percent. 
The accuracy of the determination is impaired by the presence of 
olefins, but the resulting error Is insignificant for most aviation 
fuels In which the olefin content Is small. Aromatlo amines also 
interfere and are removed bof ore the determinations are made . 


INTRODUCTION 

An accurate and rapid method of quantitatively determining the 
percentage of aromatics In fuel blends is desirable for laboratory 
analysis of fuels. The ourrent Increased aromatic content of 
aviation fuels makes tho analysis for aromatics particularly Important. 

Numerous methods of determining the aromatic oontent of hydro- 
carbon mixtures have been suggested. Extraction of aromatics from 
gasollno by treatment with concentrated tulfurio acid (as In 
spec. AN-Y7-F-786) offers a means of determining aromaticity, but 
the results are unreliable booause of Incomplete sulfonatlon and 
difficult separation of tho acid and tho hydrocarbon phases. An 
approximate analysis based on the relative solubility of picric acid 
in paraffinic and aromatlo hydrocarbons has boon used at tho Ethyl 
Laboratories. Tho National Buroau of Standards (roferenoe 1) has 
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developed a procedure In which the volvme of aromatic-free filtrate 
resulting from passing a fuel through a definite amount of standard 
adsorbent Is compared with the volume obtained from known nurtures. 
Analysis by the NBS method as well as by methods based on properties 
such as specif lo dispersion (reference 2) or ultraviolet-light 
absorption (reference 3) requires fractionation of the unknown mix- 
ture into narrow boiling ranges. 

A convenient and reasonably accurate method of determining the 
aromaticity of aviation fuels was developed by the Bureau of Aero- 
nautics, Navy Department. This method, which requires a minimum of 
equipment and time, essentially consists In the determination of the 
percentage of aromatics from the change in the Index of refraction of 
the hydrocarbon mixture after extraction with sulfuric acid and per- 
colation of the hydrocarbon layer through a silica gel adsorbent. 

The accuracy of the method lias been Improved and its applicability 
extended at the MCA Cleveland laboratory by slight modifications In 
the mathematical computations. The complete procedure is described 
herein and its applicability is demonstrated by the determination of 
the aromaticity of 24 hydrocarbon mixtures prepared from four pure 
aromatics, three aromatic mixtures, three pure base compounds, and 
six aviation base fuels. 


PI 




ITATIQN OF TED METHOD 


Apparatus and Materials 

An Abbe rofractcmeter having a pirocislon of =*0.0001 was used In 
the research. The temperature of the Instrument was kept at 
20° ±0.1° C by water circulated through it from a thermostatically 
controlled bath. 

The adsorption columns were constructed of 18-millimeter glass 
tubing, 76 cm long, and were filled with silica gel of 28 to 200 meBh 
stabilized at 650° F. A 100-mllllliter round -bottom flask was sealed 
to the top of each column to provide a reservoir for the fuel mixtures. 
The entire length of each of the columns was cooled with a water 
Jacket . 

The fuels used In the Investigation and their refractive Indices 
are listed in table I. (Index of refraction rip 2 ® is, for simpli- 
fication, designated n throughout this report.) Aromatic components 
In the base stocks were removed before the known fuel mixtures were 
prepared. The removal was accomplished by repeated percolation through 



NACA BB No. E5KD6 


3 


silica gel until the absorption of each base stock in the ultra- 
violet light region vsb no more than speotrographlo lsoootane con- 
taining less than 0.01 peroent aromatlos. ■ The absorption was 

measured by a Beckman quartz spectrophotometer. The aromatics were 
better than 99 peroent pure as prepared at the Cleveland laboratory. 
Fuels 19, 20, and 21 were prepared to represent aromatic mixtures 
typical of those in ourrent aviation fuels, such as AN-F-28. 

Samples of known aromatic concentrations were prepared by meas- 
uring both the base stocks arid the aromatic hydrocarbons from 
burettes into volumetric flasks. Glassware recalibrated with hydro- 
carbons vas used to measure all volumes. Because the volume change 
on mixing was found to be less than one part in a thousand, the 
volume percentage of aromatics in each mixture was considered to be 
sufficiently precise for all practical purposes. 


Procedure for Analysis 

The index of refraction of the hydrocarbon mixture being analyzed 
is determined at 20° ±0.1° C. A 100-milliliter quantity of the mix- 
ture is then cooled to below 10° C and extracted with two 
125-milliliter portions of sulfuric acid (66° Be). (This step is 
unnecessary when the aromatic concentration of the mixture is less 
than 5 percent by volume.) 

The hydrocarbon layer from the acid extraction is again chilled 
to below 10° C and placed in the adsorption-column reservoir. The 
sample is percolated by gravity through the silica gel and, collected 
at tbo bottom of the column in 5-milliliter fractions. The receivers 
are cooled to avoid excessive lossos of low-boiling components. The 
foregoing nrocodure removes the dyes used to designate leaded fuel, 
hut the error introduced is negligible. 

The index of refraction of each fraction of filtrate is deter- 
mined. Those values ore plotted against volume collected to obtain 
an analysis curve. The analysis curves generally have a character- 
istic shape similar to that shown in figure 1. The first fractions 
have higher indices of refraction than those immediately following. 
This effect is probably caused by partial fractionation of the first 
few milliliters of the sample from heat released in vetting the 
silica gel. The curve gradually flattens out to a minimum value, 
at which point the removal of aromatlos is complete, and then rises 
as the gel becomes saturated with aromatics. The index of refrac- 
tion of the base stock is defined by the flat portion of the curve. 
Infrequently the analysis curve will not show a constant index of 
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refraction on either aide of the minimum point, which la an indica- 
tion that the silica gel has become saturated before the aromatics 
are completely removed. In such instances a new sample of the hydro- 
carbon mixture is extracted with sufficient sulfurio acid to' assure 
the lowering of the aromatic content below 5 percent. In some cases 
a sample larger than 100 milliliters Bhould be used in rrder that a 
sufficient volume remains after the acid extractions for percolation 
through the silica gel. 

The experimental procedure requires approximately 2.5 hours for 
completion of a single determination. Th9 average time per deter- 
mination is less if several ere made concurrently. 


RESULTS AND DISCUSSION 

Figurt 2 presents typical refractive -index data for blends 
prepared with toluene and several base stocks. Refractive -index 
data plotted for nearly all of the binary blends of the aromatics 
and base stocks listed in table I showed trends similar to those in 
figure 2. Under the concentration range investigated, the relation 
between refractive index and percentage aromatic have been found to 
be linear. The extrapolated index values at 100-percent aromaticity, 
however, do not correspond exactly to the refrcctivo index for the 
pure aromatic employed, which shows that the blending relation cannot 
be linear in the aromatic-rich range. Those "apparent" indices of 
refraction at 100-percent aromaticity are designated hereinafter 
by n a . 


Values of the extrapolated apparent; indices of refraction n a 
for the various binary blends at lCO-per£ent aromaticity are shown 
in table II. Average apparent indices n a are also shown for a 
single aromatic in a large number of baoe stocks as well as average 
values for several aromatics in a single base stock. The average 
index of refraction for tbo various aromatics in a single base stock 
are plotted in figure 3 against the refractive index of the particular 
base stock at C-percont aromaticity n^. The moan of these aver>igo 
values is 1.4926. 

By virtue of the linear n_t.uro of f,h:> cutvob shewn in figure 2, 
it is possible to superimpose all refractive index -composition data 
upon a single straight lin • by plotting “.ho ratio (n x - n^,)/ (no - nb) 
against the corresponding percent;:go aromatics, whore n^- is the 
index of refraction of the binary blend. 
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When unknown mixtures are analyzed, the value of n a is gener- 
ally unknown because of uncertainty In the nature of the aromatic 
and the base stock used. If the base stock Is known and the aromatlo 
.unknown, n^ should be used. If both base stock and aromatic are 
unknown, the mean of several 1% values should be used. The magni- 
tude of the errors Introduced by the use of the mean of values 
rather than for a particular base stock may be seen from a com- 
parison of the last three columns In table III. The first of these 
columns corresponds to the composition of the blend as prepared. 

The second of these col umns gives analytical results obtained with 
these blends using values shown In the vertical column, of 
table II and plotted In figure 3. The third column Includes analyti- 
cal results computed on the basis of a single average value (1.4926) 
Intended to represent all arcmatlos In all base stocks. 

For most base stooks the error introduced by using this single 
average vulue for is Insignificant. The error introduced by 

using the value of 1.4926 Is significant only In base stooks having a 
refractive Index considerably outside the aviation-fuel range (less 
than 1.3900 or greater than 1.4100). Thus, low results are obtained 
for cyclohexane (nj, = 1.4259) and high results for neohexane 
(n^ a 1.3689). For most aviation gasolines, then, the volume per- 
centage of aromatics in a given hydrocarbon mixture may be expressed 
as 


1.4926 - n b 


X 100 


The presence of olefins In large percentages causes interference 
in the determination of aromatic content. An olefin content of 2 per- 
cent will cause an error of approximately 0,2 to 0.5 porcont In the 
determination. The presence of olefins and an indication of the 
amount may be shown by a bromino -number do termination (U.O.P. Method 
No. H-44-40) . 


Aromatlo amines ohango the refractive index of a gasoline and, 
as the olefins, are romovod In tho procedure. Therefore, the amine 
must bo romovod by extracting with approximately 18-peroent hydro- 
chloric acid before the determination of aromatics Is made. Up to 
6 milliliters of tho amino per 100 milliliters of gasoline may be 
extracted with two 25-mlllilitor portions of 18-percent hydrochloric 
acid. The gasoline must bo washed once with water after the extrac- 
tion to remove the hydrochloric aold from the gasoline phase. The 
aminos must be extracted before the bromine number is determined 
bo cause of the reaction between bromino and the amine. 
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CONCLUSIONS 

The change in refractive index of a hydrocarbon mixture upon 
removal of aromatics can be employed to determine the aromatio con- 
tent of such a mixture with a maximum error of about 0.5 percent. 

The method is rapid and requires only a small amount of apparatus. 
Olefins Interfere in the method; but the small amounts usually found 
in aviation fuels cause no signif leant error. Aromatic amines also 
interfere and must be removed before the aromaticity is determined. 


Aircraft Engine Research Laboratory, 

■ National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE I - DESCRIPTION OF FUELS 


Type 

of 

fuel 

Fuel 

Compos it ion 

Index 
of refrac- 
tion, n 

Base 

stocks 

1 

Baton Rouge virgin base stock, Esso Lab . , 
sample No. 745-43 

1.3936 


2 

Bayonne Refinery virgin base stock, Esso Lab., 
sample No. 744-43 

1.3965 


3 

Mixed Texas and Hobbs crudes, Shell Oil Co. 

1.3915 


4 

91-octane straight-run base stock, Sun Oil Co. 

1.4052 


5 

69-octane depentanized straight-run base stock 
from selected coastal crudes, Texas Co. 

1.4058 


6 

Depentanized straight-run base stock, Texas Co. 
of Calif. 

1.4031 



Neohexane (c.p.), Phillips Petroleum Co. 

1.3689 



Cyclohexane (c.p.), Barret Division of Allied 
Chemical & Dye Corp. 

1.4259 


9 

50 percent fuel 8 plus 50 percent fuel 2 

1.3846 


10 

50 percent fuel 7 plus 50 percent fuel 6 

1.4149 


11 

S-2 reference fuel 

1.3914 

Aro- 

12 

Benzene 

1.5001 

matics 

13 

Cumene 

1.4910 


14 

Toluene 

1.4963 


15 

Ethylbenzene 

1 .4955 


le 

£-Xylene 

1.4954 


17 

n -Buty lbenz ene 

1.4892 


18 

sec -Buty lbenz ene 

1.4898 


IS 

5 parts xylenes, 2 parts cumene, 1 part toluene 

1.4936 


20 

54 percent cumene, 32 percent xylenes, 11 per- 
cent toluene, 3 percent benzene 

1.4927 

— 

21 

9 percent cumene, 60 peroent xylenes, 26 per- 
cent toluene, 5 percent benzene 

1.4943 
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TABLE II - APPARENT REFRACTIVE INDEX n AT 100-PERCENT AROMATICITY 

a. 


\. Aromatic 
Base ■ — > 

stock j\. 

12 

13 

14 

15 

16 

17 

10 

19 

20 

21 

Average apparent 
refractive index 
n^ of several 
aromatic's in 
one base stock 

1 

1.4943 

1.4920 



1.4945 


1.4943 

1.4953 



1.4943 

2 

1.4S53 

1.4924 

1.4930 


1.4955 


1.4922 

1.4942 

1.4937 

1.4948 

1.4937 

3 

1.4900 

1.4900 

1.4922 


1.490C 



1.4903 

1.49G9 

1.4896 

1.4894 

1.4903 

4 

5 

1.^924 

1.4924 

1.4907 

1.4947 

1.4942 

1.4955 


1.4943 

1.4934 


1.4929 

1.4942 

1.4945 
1 4919 

1.4963 

1.4922 

1.4960 

1.4914 

1.4939 

1.4932 

6 

1.492b 

1.4909 

1.4914 


1.4918 


1.4925 

1.4906 

1.4918 

1.4952 

1.4921 

7 

1.4971 

1.4964 

1.4979 


1.4969 


1.5001 

1.4966 

1.4956 

1.49S4 

1.4971 

8 

1.4847 

1.4856 

1.4902 


1.4853 


1.4849 

1.4842 

1.4941 

1.4839 

1.4853 

9 

1.4964 

1.4949:1.4961 


1.4945 



1.4956 

1.4938 

1.4945 

1.4948 

1.4951 

10 

1.4925 

1.4931 

1.4915 


1.4906 


1.4909 

1.4892 

1.4891 

1..4900 

1.4909 

11 

1.4941 

1.4917 

1.4935 

1.4y48 

1.4926 

1.4954 

1.4920 

1.4939 

1.4922 

1.4934 

1.4934 

Average apparent 
refractive index 
of one aro- 
matic in several 
base stocks 

1.4929 

1.4920 

1.4932 


1.4925 


1.4927 

1.4925 

1.4923 

1.4928 

1.4926 

Value of n for 
pure aromatic 

1.5001 

1.4910 

1.4963 

1.4955 

1.4954 

1.4892 

1.4898 

1.4936 

1.4927 

1.4943 
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TABLE HI - ANALYSIS OF BLENDS OF AROMATICS AND AROMATIC -FREE FUELS 
is the refractive index of "blend 
is the refractive index of "base stock 
n a Is the average apparent refractive 
“"index at 100 -percent aromaticity 


1 

Base stock 

Aro- 

matic 

“x 

n b 

n a 


Prepared 

sample 

Using 

S a 

Using 

mean 

of 

(1.4926) 

1 

Esso Lab. 

12 

1.4134 

1.3936 

1.4937 

20.0 

19.8 

20.0 


No. 745-43 

14 

1.4034 

1.3936 

1.4937 

10.0 

9.8 

9.9 

■ 


13 

1.4060 

1.3936 

1.4937 

12.5 

12.4 

12.5 

wm 


19 

1.4136 

1.3936 

1.4937 

20.0 

20.0 

20.2 

■ 


20 

1.4283 

1.3936 

1.4937 

35.0 

34.7 

35.1 

2 

Esso Lab. 

12 

1.4108 

1.3965 

1.4934 

15.0 

14.8 

14.9 


No. 744-43 

14 

1.4013 

1.3965 

1.4934 

5.0 

5.0 

5.0 



20 

1.4159 

1.3965 

1.4934 

20.0 

20.0 

20.2 

3 

Texas -Hobbs 

14 

1.4015 

1.3915 

1.4940 

10.0 

9.8 

9.9 


crudes 

19 

1.3964 

1.3915 

1.4940 

5.0 

4.8 

4.8 



21 

1.4118 

1.3915 

1.4940 

20.0 

19.8 

20.1 

MM 

Sun Oil 

12 

1.4139 

1.4052 


MEBM 

10. C 

10.0 

H 

91 octane 

19 

1.4357 

1.4052 



35.1 

34.9 

IH 


21 

1.4229 

1.4052 

Hf "1 

ns 

20.4 

20.2 

5 

Texas Co. 

20 

1.4185 

1.4053 

1.4920 

15.0 

14.7 

14.6 


69 octane 








6 

Texas Co. 

20 

1.4067 

1.4031 

1.4925 

3.8 

4.0 

4.0 


of Calif. 








H 

Noohexane 

12 

1.3753 

1.3689 

1.4967 

5.0 

5.0 

5.2 

11 


19 

1.3818 

1.3689 

1.4967 

10.0 

10.0 

10.4 

mm 


21 

1.3752 

1.3689 

1.4967 

5,0 

4.9 

5.0 

8 

Cyclohexane 

14 

1.4305 

1.4259 

mss 

BEKS 

7.3 

6.9 



14 

1.4381 

1.4259 

n 

20.0 

19.5 

18.3 

11 

S-2 refer- 

12 

1.4116 

1.3914 

1.4940 

20.0 

19.7 

20.0 


ence fuel 

17 

1.4116 

1.3914 

1.4940 

20.0 

19.7 

20.0 




13 

1.4018 

1.3914 


10.0 

10.1 

mSm 1 

Maximum error. . 

• • 

• ■ • 

■ ■ ■ « 

■ • • 


-0.5 

-1.7 

Mean deviation . 

• • 

• • • ■ 

■ ■ • ¥ 

• a • 

• • • • 

±0.17 

±0.22 
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Fig. i 


G 



Volume collected, ml 

Figure 1. - Variation of index of refraction of gasoline sample 
upon removal of aromatics by percolation through silica gel. 
tJompositlon , 20 percent benzene in Texas and Hobbs crude base 
stock; original index of refraction, 1.4117. 



Index of refraction 


Percentage toluene by volume 



Figure 2. - Effect of toluene content of several gasoline base 
stocks upon index of refraction of the blends. 








Average apparent index of refraction at 
lOO-percent aromaticity, rt a 



Figure 3» “ Effect of gasoline base stock upon the average apparent index of refraction at 
100-percent aromaticity for several aromatic blending agents. 
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